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ABSTRACT 

A noise injection apparatus for injecting noise to a printed 
circuit board is disclosed that includes a signal generator that 
generates noise, a coaxial cable having one end connected to 
an output of the signal generator, and a probe that is 
connected to another end of the coaxial cable and is con 
?gured to convey the noise generated by the signal generator 
to a poWer supply and a ground pin of a device element of 
the printed circuit board via the coaxial cable. 
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NOISE INJECTION APPARATUS FOR 
PRINTED CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a noise injection 
apparatus for injecting noise to a printed circuit board that is 
used for noise analysis of the printed circuit board. 
[0003] 2. Description of the Related Art 
[0004] In order to process huge amounts of information, 
techniques are being developed for increasing the operation 
speed of electronic devices, and in turn, EMI (Electromag 
netic Interference) discharged from the electronic device is 
increasing so that countering such noise is becoming diffi 
cult. It is noted that EMI radiated from an electronic device 
may cause operation errors of neighboring electronic 
devices. Thus, many countries impose certain EMI legal 
requirements, and in such countries, import and distribution 
of electronic devices may not be authorized unless the 
electronic devices conform to the EMI requirements. When 
electronic devices fail to satisfy EMI requirements, the 
distribution and sales of the electronic devices may have to 
be stopped so that the company responsible for distributing 
the electronic devices may suffer signi?cant damages. 
Despite such a risk of damage, countermeasures against EMI 
have not been taken into serious consideration in the ?eld of 
electronic device technology. 
[0005] It is noted that the number of noise sources in a 
printed circuit board has increased due to increased opera 
tion speed, complication in design, and high densi?cation of 
the circuit, and in turn, determination of the noise source is 
becoming dif?cult. Of particular concern is noise emitted 
from a device IC due to increased circuit operation speed. 
[0006] HoWever, since a number of noise sources exist 
Within a printed circuit board, it is quite dif?cult to determine 
the noise source that is generating noise at a problematic 
frequency. 
[0007] If there Were only one noise source, noise gener 
ated Within the printed circuit board at a predetermined 
frequency may be easily measured using a commercial noise 
visualization apparatus, for example, to determine Whether a 
problem exists and ?nd the cause of the problem based on 
the noise distribution analysis obtained by the noise visual 
ization apparatus. 
[0008] It is noted that a method of injecting noise to a 
printed circuit board is disclosed in Japanese Patent No. 
3263672 (“Apparatus and Method for Injection of Noise”), 
for example. Speci?cally, the above reference discloses a 
technique that involves superposing noise (common mode or 
normal mode) on a commercial poWer supply While the 
poWer of a measured device is turned on, and injecting noise 
(common mode or normal mode) to the poWer supply and 
ground of the measured device. HoWever, according to this 
method, since noise is injected into the poWer supply of a 
unit, the noise source that is causing a problem may not be 
identi?ed. 
[0009] Also, since emissions from a device (IC) may be in 
various frequency bands, noise has to be injected While 
taking into account the impedance of the noise injecting unit 
according to the frequency band of the noise being injected. 
[0010] Further, the disclosed method is limited to assess 
ing noise of a device in operation. HoWever, it is desired that 
noise evaluation be made possible at the substrate level 
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before the device may be fully operated to determine hoW 
noise radiates from the poWer supply, for example. 
[0011] It is noted that another related technique is dis 
closed in Japanese Laid-Open Patent Publication No. 2002 
318253 (“Noise Visualization System and Display Method 
thereof"), for example. Speci?cally, the above reference 
discloses a method of injecting a high frequency signal that 
simulates noise to an examined object from an injection 
probe via a Wire harness. HoWever, in the above-disclosed 
technique, standing Wave that may be superposed on a cable 
that connects a signal generator to the probe is not taken into 
consideration, and measurement results obtained from the 
noise visualization system according to the disclosed tech 
nique may be affected by the emissions from the cable. Thus, 
the actual noise measurements of the substrate itself may not 
be obtained using this technique. 
[0012] Also, if measurement results of the substrate itself 
cannot be obtained by the noise visualization system due to 
emissions from the cable, this means that measurement 
results may vary depending on the positional relation 
betWeen the cable and the substrate at the time of measure 
ment. Therefore, a measurement method is desired that can 
block interference by the emissions from the cable. 
[0013] It is noted that another related technique is dis 
closed in Japanese Utility Model Publication No. 62-8534 
(“Noise Simulator”), for example. Speci?cally, the above 
reference discloses a technique that involves applying a 
pulse voltage from a pulse generating circuit via a coupler to 
a circuit component of an examined device such as one of a 

group of ICs mounted on a printed circuit board. In this Way, 
a pulse voltage may be applied to each individual IC to 
identify the IC that is causing the same operation error as the 
operation error that is currently occurring in the device and 
implement countermeasures for the relevant IC and associ 
ated circuits thereof. HoWever, according to this technique, 
the coupler is merely a ?at metal plate or a metal plate 
arranged into a horse shoe shape that is coated With insu 
lating material, and a matching device is not used so that 
ef?cient application of noise may be dif?cult. 
[0014] As can be appreciated, plural noise sources exist 
Within a printed circuit board, and identifying the noise 
source generating noise at the problematic frequency has 
been quite difficult. In the case Where a method of injecting 
noise into the poWer supply of a unit is employed, the noise 
source causing a problem Within the unit cannot be identi 
?ed. 
[0015] Also, in the case of implementing the technique 
disclosed in Japanese Patent No. 3263672, since emissions 
from a device (IC) may be in various frequency bands, noise 
has to be injected While taking into account the impedance 
of the noise injection unit according to the frequency band 
of the noise being injected. 
[0016] Further, the above technique is limited to imple 
mentation for a device that is in operation. HoWever, it is 
desired that noise evaluation be enabled to determine hoW 
noise is radiated from the poWer supply, for example, at the 
substrate level or before the device can be fully operated. 
[0017] In the case of implementing the technique dis 
closed in Japanese Laid-Open Patent Publication No. 2002 
318253, emissions from the cable may be included in the 
measurement results obtained by the noise visualization 
system so that the actual noise measurement of the substrate 
itself may not be obtained. When noise measurement of the 
substrate itself cannot be obtained due to emissions from the 
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cable, measurement results may vary depending on the 
positional relation betWeen the cable and the substrate. 
[0018] In the case of implementing the technique dis 
closed in Japanese Utility Model Publication No. 62-8534, 
a ?at metal plate or a metal plate arranged into a horse shoe 
shape that is coated by an insulating material has to be used 
as the coupler. Although, emissions from a coaxial cable 
may be prevented by such an arrangement, noise may not be 
ef?ciently transmitted in this case and deviations may occur 
in measurements so that accurate measurement may not be 
obtained. 
[0019] Also, it is noted that the above disclosures are 
concerned With noise coming into a device; hoWever, there 
is a need to consider noise being emitted out of a device as 
Well. 

SUMMARY OF THE INVENTION 

[0020] According to an aspect of the present invention, a 
noise injection apparatus for injecting noise to a printed 
circuit board is provided that enables experimentally inject 
ing a signal (noise) at a given frequency from the exterior to 
a poWer supply and a ground pin of a device element of a 
printed circuit board in an ef?cient manner. 
[0021] According to one embodiment of the present inven 
tion, a noise injection apparatus for a printed circuit board is 
provided that injects noise to a poWer supply and a ground 
pin of a device element of the printed circuit board to 
identify areas of the printed circuit board that may cause 
EMI-related problems, the apparatus including: 
[0022] a signal generator that generates noise; 
[0023] a coaxial cable having one end connected to an 
output of the signal generator; and 
[0024] a probe that is connected to another end of the 
coaxial cable and is con?gured to convey the noise gener 
ated by the signal generator to a poWer supply and a ground 
pin of a device element of the printed circuit board via the 
coaxial cable. 
[0025] In one preferred embodiment, the probe may be a 
semi-rigid cable that includes an SMA connector. 
[0026] According to another embodiment of the present 
invention, a noise injection apparatus for injecting noise to 
a printed circuit board is provided that injects noise to a 
poWer supply and a ground pin of a device element of the 
printed circuit board to identify areas of the printed circuit 
board that may cause EMI-related problems, the apparatus 
including: 
[0027] a signal generator that generates noise; 
[0028] a coaxial cable having one end connected to the 
signal generator; and 
[0029] an impedance matching unit that is connected to 
another end of the coaxial cable and is con?gured to convey 
the noise generated by the signal generator to a poWer supply 
and a ground pin of a device element of the printed circuit 
board via the coaxial cable. 
[0030] In one preferred embodiment, the impedance 
matching unit may include an SMA connector that is con 
nected to the coaxial cable, a matching circuit that matches 
an impedance of the signal generator to an impedance of the 
printed circuit board, a copper substrate on Which one or 
more circuit components including the matching circuit are 
mounted, a ground connecting copper plate member that is 
connected to the ground pin of the printed circuit board, and 
a Wire that is connected to the poWer supply of the printed 
circuit board. 
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[0031] In another preferred embodiment, the matching 
circuit may include a ?rst capacitor, a second capacitor, a 
resistor, a ?rst inductor, and a second inductor; 
[0032] the ?rst capacitor may have one end connected to 
a signal output of the signal generator and another end 
connected to one end of the second capacitor and one end of 
the resistor; 
[0033] the resistor may have another end connected to one 
end of the ?rst inductor and one end of the second inductor; 
and 
[0034] the second capacitor and the second inductor may 
each have another end connected to ground. 
[0035] According to another embodiment of the present 
invention, a noise injection apparatus for injecting noise to 
a printed circuit board is provided that ?xes the relative 
positioning of a cable and the printed circuit board so that 
emissions from the cable may be prevented from affecting 
measurement of the printed circuit board, the apparatus 
including: 
[0036] a printed circuit board support member that fastens 
the printed circuit board in place; 
[0037] a probe including an SMA connector; and 
[0038] a probe support member that fastens the probe such 
that the SMA connector of the probe is positioned perpen 
dicular to a measuring surface of the printed circuit board. 
[0039] According to another embodiment of the present 
invention, a noise injection apparatus for injecting noise to 
a printed circuit board is provided that converts an oscillator 
output into a sine Wave signal using a band pass ?lter, the 
apparatus including: 
[0040] an oscillator unit that includes an oscillating circuit 
that uses the band pass ?lter to output the sine Wave signal, 
the oscillating circuit including an oscillator that outputs a 
signal at a given frequency, a coil that removes spurious 
components included in the output of the oscillator, a 
substrate on Which circuit components including the oscil 
lator and the coil are mounted, a battery for operating the 
circuit components, and a probe connecting SBA connector. 
[0041] In one preferred embodiment, the band pass ?lter 
may include a ?rst tuned circuit having a ?rst inductor and 
a ?rst capacitor, a second capacitor, and a second tuned 
circuit having a second inductor and a third capacitor; 
[0042] the oscillator may output a rectangular Wave signal 
at the given frequency; 
[0043] the ?rst tuned circuit may remove spurious com 
ponents included in the output of the oscillator and pass a 
resulting output to the second tuned circuit via the second 
capacitor; and 
[0044] the second tuned circuit may secure bandWidth and 
attenuation of the resulting output from the ?rst tuned circuit 
and output a signal at the given frequency to the printed 
circuit board via the probe connecting SMA connector. 
[0045] According to another embodiment of the present 
invention, a noise injection apparatus for injecting noise to 
a printed circuit board is provided that fastens the printed 
circuit board to a dedicated fastener and places an oscillator 
unit under the printed circuit board, the apparatus including: 
[0046] the dedicated fastener that fastens the printed cir 
cuit board in place; 
[0047] the oscillator unit that is placed under the printed 
circuit board; and 
[0048] a base that places the oscillator unit under the 
printed circuit board. 
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[0049] In one preferred embodiment, When the oscillator 
unit is relatively small in siZe, the oscillator unit may be 
directly attached to the printed circuit board Without using 
the base. 
[0050] According to another embodiment of the present 
invention, a noise injection apparatus for injecting noise to 
a printed circuit board is provided that is arranged to cancel 
the effects of standing Waves superposed on a coaxial cable, 
the apparatus including: 
[0051] an oscillator unit that includes an oscillator that 
outputs a signal at a given frequency, a buffer circuit having 
a plurality of inverters that are connected in parallel, a 
substrate on Which circuit components including the oscil 
lator and the buffer circuit are mounted, a battery for 
operating the circuit components, and a signal output Wire 
that is connected to the printed circuit board. 
[0052] In one preferred embodiment, the noise injection 
apparatus may further include: 
[0053] a dedicated fastener for fastening the printed circuit 
board in place; and 
[0054] a base that places the oscillator unit under the 
printed circuit board. 
[0055] In another preferred embodiment, the signal output 
Wire may be soldered to a poWer supply and ground of a 
device element of the printed circuit board. 
[0056] According to an aspect of the present invention, by 
using a noise injection apparatus according to an embodi 
ment of the present invention, noise at a given frequency that 
is radiated from a device terminal of a given noise source 
(device) of a printed circuit board that circulates Within 
poWer supply and ground Wirings of the printed circuit board 
as a high frequency current (magnetic ?eld) may be vieWed 
through a noise visualiZation apparatus to visually determine 
Whether each individual device on the printed circuit board 
may cause a problem. 
[0057] According to another aspect of the present inven 
tion, by introducing an impedance matching unit to a noise 
injection apparatus according to an embodiment of the 
present invention, a signal (noise) at a given frequency may 
be ef?ciently transmitted to the poWer supply and ground pin 
of a device (IC) of a printed circuit board that is subject to 
examination. 
[0058] According to another aspect of the present inven 
tion, by using a dedicated fastener in a noise injection 
apparatus according to an embodiment of the present inven 
tion, measurements of a printed circuit board obtained by a 
noise visualiZation apparatus may be prevented from vary 
ing due to changes in the relative positioning of a coaxial 
cable and the printed circuit board, and variations in mea 
surements may be reduced. 
[0059] According to another aspect of the present inven 
tion, by using a Type-A miniature oscillator as an oscillator 
unit in a noise injection apparatus according to an embodi 
ment of the present invention, emissions from a coaxial 
cable may be prevented from affecting measurement of a 
printed circuit board subject to examination so that the 
actual measurement of the printed circuit board itself may be 
obtained upon injecting noise to the poWer supply and 
ground of one of its devices (IC). 
[0060] According to another aspect of the present inven 
tion, by using a Type-B miniature oscillator as an oscillator 
unit in a noise injection apparatus according to an embodi 
ment of the present invention, emissions from a coaxial 
cable may be prevented from affecting the measurement of 
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a printed circuit board subject to examination, and the output 
impedance of the noise injection apparatus may be adjusted 
to be closer to the output impedance of a device (IC) of the 
printed circuit board to Which noise is to be injected so that 
a measurement of the printed circuit board that is close to its 
actual behavior may be obtained upon injecting a signal 
(noise) to the poWer supply and ground of the device (IC) of 
the printed circuit board. 
[0061] According to another aspect of the present inven 
tion, by using a noise injection apparatus according to an 
embodiment of the present invention, a device correspond 
ing to a noise source of a printed circuit board and a 
problematic frequency may be easily identi?ed based on 
measurements of the printed circuit board obtained by a 
noise visualiZation apparatus so that procedures for conduct 
ing causal analysis of problems and implementing counter 
measures for these problems may be simpli?ed. Also, by 
implementing measures for reducing in?uences of emissions 
from a coaxial cable, preventing electromagnetic interfer 
ence, and reducing variations in measurements, the accuracy 
of the measurements of a printed circuit board obtained by 
the noise visualiZation apparatus may be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG.1 is a diagram shoWing a con?guration of a 
noise injection apparatus according to a ?rst embodiment of 
the present invention; 
[0063] FIG. 2 is a diagram shoWing a con?guration of a 
noise injection apparatus according to a second embodiment 
of the present invention; 
[0064] FIG. 3 is a diagrams illustrating impedance match 
ing performed at the noise injection apparatus according to 
the second embodiment; 
[0065] FIG. 4 is a diagram shoWing a con?guration of an 
impedance matching unit of the noise injection apparatus 
according to the second embodiment; 
[0066] FIG. 5 is a circuit diagram of the impedance 
matching unit; 
[0067] FIG. 6 is a diagram shoWing a con?guration of a 
noise injection apparatus according to a third embodiment of 
the present invention; 
[0068] FIG. 7 is an external perspective vieW of a Type-A 
miniature oscillator that is used in a noise injection appara 
tus according to a fourth embodiment of the present inven 
tion; 
[0069] FIG. 8 is an internal perspective vieW of the 
Type-A miniature oscillator; 
[0070] FIG. 9 is a circuit diagram of an oscillating circuit 
of the Type-A miniature oscillator; 
[0071] FIG. 10 is a diagram shoWing a con?guration of a 
noise injection apparatus according to the fourth embodi 
ment; 
[0072] FIG. 11 is a diagram shoWing a con?guration of a 
loW-output buffer circuit that is used in a noise injection 
apparatus according to a ?fth embodiment of the present 
invention; 
[0073] FIG. 12 is an external perspective vieW of a Type-B 
miniature oscillator that is used in the noise injection appa 
ratus according to the ?fth embodiment; 
[0074] FIG. 13 is an internal perspective vieW of the 
Type-B miniature oscillator; 
[0075] FIG. 14 is a circuit diagram of the loW-output 
buffer circuit; 
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[0076] FIG. 15 is a diagram showing a con?guration of the 
noise injection apparatus according to the ?fth embodiment; 
[0077] FIG. 16 is a ?owchart illustrating process steps for 
performing magnetic near-?eld measurement on a printed 
circuit board; and 
[0078] FIG. 17 is a diagram illustrating a noise visualiZa 
tion system for measuring the magnetic near-?eld of a 
noise-injected printed circuit board. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0079] In the following, preferred embodiments of the 
present invention are described with reference to the accom 
panying drawings. 

First Embodiment 

[0080] In the following, a noise injection apparatus 
according to a ?rst embodiment of the present invention is 
described. In the noise injection apparatus according to the 
?rst embodiment, noise is injected to the power supply and 
ground of a printed circuit board to identify a location where 
problematic EMI noise is generated using a cable and an 
external signal source for injecting noise at a given fre 
quency to a noise source (device) on the printed circuit 
board. 
[0081] FIG. 1 is a diagram illustrating a con?guration of 
a noise injection apparatus for a printed circuit board accord 
ing to the ?rst embodiment. 
[0082] The noise injection apparatus according to the 
present embodiment includes a commercial signal generator 
11 as the external signal (noise) source, a coaxial cable 12 
for transmitting the signal (noise) generated at the signal 
generator 11, a probe 13 for transmitting the signal (noise) 
conveyed from the coaxial cable 12 to a power supply and 
a ground pin of a device (IC) mounted on a printed circuit 
board 14 that is subject to examination. 
[0083] The signal generator 11 is con?gured to output a 
clock waveform at a given frequency. In one embodiment, 
the signal generator may be adapted to output a sine wave. 
[0084] The probe 13 transmits a signal (noise) to a power 
supply and a ground pin of a device mounted on the printed 
circuit board 14, and includes an SMA connector for estab 
lishing connection with the coaxial cable 12. Also, the probe 
13 is arranged into a shape that enables solder connection of 
its power supply and ground pin. 
[0085] In one embodiment, the probe 13 may be a semi 
rigid cable that has an SMA connector attached thereto. 
[0086] The printed circuit board 14 as the examined object 
may have passive components (e. g., resistors, inductors, and 
capacitors) connected between its power supply and ground. 
In one embodiment, the printed circuit board 14 does not 
have to accommodate active components such as ICs and 
other devices that constitute noise sources, and may instead 
have resistors connected between the power supply and 
ground terminals for such devices. In examining the printed 
circuit board 14 using a noise visualiZation apparatus, a 
signal (noise) at a given frequency may be set by the signal 
generator 11 corresponding to the external noise source, and 
the power supply and ground pin of the probe 13 may be 
soldered to the power supply and ground pin of a noise 
source on the printed circuit board 14 under examination. In 
this way, the signal (noise) at the given frequency may be 
viewed at the noise visualiZation apparatus as a high fre 
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quency current (magnetic ?eld) supplied to the power supply 
and ground pin of the printed circuit board 14. Thus, 
locations within the printed circuit board having undesirable 
noise distribution characteristics may be identi?ed based on 
the current ?ow (magnetic ?eld) of the printed circuit board 
14. 

[0087] FIG. 16 is a ?owchart illustrating process steps for 
performing magnetic near-?eld measurement of a printed 
circuit board using a noise injection apparatus according to 
en embodiment of the present invention. 

[0088] FIG. 17 is a diagram showing a con?guration of a 
noise visualiZation system for measuring the magnetic near 
?eld of a noise-injected printed circuit board. 

[0089] According to FIG. 16, in step S1, a printed circuit 
board 14 that has electronic components mounted thereon is 
placed on a dedicated fastener 40. It is noted that in a case 
where noise being injected to a device may be absorbed by 
this device if the printed circuit board 14 has this device 
mounted thereon so that the intensity of the generated 
magnetic ?eld may be reduced to a level that is inadequate 
for accurate measurement, the relevant device may be 
excluded and electronic components other than the relevant 
device may be mounted on the printed circuit board 14. In 
this case, since terminals that are interconnected by the 
device will be disconnected if the relevant device is simply 
excluded, a resistor may be connected in place of the device 
in an attempt to maintain the circuit characteristics of the 
printed circuit board 14. In this way, adequate magnetic ?eld 
intensity for accurate measurement may be ensured. 

[0090] In the case where plural devices are subject to noise 
injection in one measurement process, one or more of such 
devices may be excluded from being mounted on the printed 
circuit board 14. In other words, passive components such as 
resistors, inductors, and capacitors may be mounted on the 
printed circuit board 14 while some or all active components 
subject to measurement may be excluded. In this way, a 
printed circuit board may not have to be prepared for each 
device that is subject to examination. 

[0091] Then, in step S2, noise is injected to a power supply 
pin of a device to be examined. In the case where the device 
to be examined is excluded in step S1, the noise may be 
injected to a portion (land or pad) on the printed circuit 
board 14 at which the power supply pin is to be connected 
to the excluded device. 

[0092] In step S3, a measurement probe is arranged to scan 
the surface of the noise-injected printed circuit board 14 to 
measure its magnetic near-?eld. By scanning the surface of 
the noise-injected printed circuit board 14 with the measure 
ment probe, an electromagnetic ?eld intensity pro?le may be 
obtained. 

[0093] Alternatively, in a case where measurement may be 
adequately made by obtaining an overall electromagnetic 
?eld intensity of the printed circuit board 14, the measure 
ment probe may be positioned at a location that is distanced 
away from the printed circuit board 14 to measure its 
magnetic near-?eld. 
[0094] In step S4, the obtained electromagnetic ?eld inten 
sity (pro?le) is compared with a standard pro?le to identify 
portions of the printed circuit board 14 that may cause 
problems and implement appropriate measures to counter 
such problems. After implementing the appropriate counter 
measures, the process steps of injecting noise (step S2), 
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measuring the magnetic near-?eld (step S3), and analyzing 
the obtained measurement result (step S4) may be performed 
once more. 

[0095] With respect to a poWer supply and a ground pin of 
the printed circuit board 14 to Which a device component is 
not connected, the poWer supply and the ground pin for the 
device component of the printed circuit board 14 may be 
connected to a signal output and ground pin of the signal 
generator 11 of the noise injection apparatus after Which the 
poWer of the signal generator 11 may be turned on. This may 
be regarded as creating an effect of superposing noise on the 
poWer supply of the device component of the printed circuit 
board 14. To vieW the magnetic ?eld of the printed circuit 
board 14 When such noise is superposed on the poWer supply 
and ground of the device component, a noise visualization 
apparatus may be used to visualize the noise, for example. 
[0096] FIG. 17 shoWs a noise visualization apparatus 18 
for measuring the magnetic near-?eld of the printed circuit 
board 14 and control scanning operations of a measurement 
probe 19, the measurement probe 19 for obtaining the 
magnetic near-?eld of the printed circuit board 14, and a 
cable 16 for conveying the obtained magnetic near-?eld to 
the noise visualization apparatus 18. The noise injection 
apparatus comprises the printed circuit board 14 having 
device components connected betWeen its poWer supply and 
ground, the signal generator 11 as the external noise source, 
the cable 16 for conveying noise from the noise generator 11 
to the poWer supply of a device (IC) of the printed circuit 
board 14, and a dedicated fastener 40 for fastening the 
printed circuit board 14. 
[0097] For example, based on the measurements of the 
magnetic near-?eld of the printed circuit board 14, if a 
location With a particularly high magnetic ?eld is not found, 
countermeasures may not have to be implemented. HoW 
ever, When the magnetic ?eld distribution of the printed 
circuit board 14 extends over a Wide range, a capacitor may 
have to be introduced to the printed circuit board 14 as a 
countermeasure, for example. In this case, noise may be 
injected to the poWer supply of the device (IC) of the printed 
circuit board 14 after the countermeasure is implemented, 
and the measurement probe 19 may be placed over the 
printed circuit board 14 to scan the surface of the printed 
circuit board 14 and measure its magnetic near-?eld once 
again. In this Way, the magnetic near-?eld of the printed 
circuit board 14 after the countermeasure is implemented 
may be measured and the effects of the countermeasure may 
be checked. If the resulting measurement does not indicate 
the existence of any problems, the process may be ended. 

Second Embodiment 

[0098] In the folloWing, a noise injection apparatus 
according to a second embodiment of the present invention 
that uses an impedance matching unit to perform impedance 
matching With respect to impedances of the coaxial cable 12 
and the impedance of the printed circuit board 14. 
[0099] FIG. 2 is a diagram shoWing a con?guration of a 
noise injection apparatus for injecting noise to a printed 
circuit board according to the second embodiment. 
[0100] As is described in relation to the ?rst embodiment, 
in the case of injecting noise at a given frequency to a given 
noise source (device) of the printed circuit board 14, the 
coaxial cable 12 for transmitting noise is connected to the 
signal generator 11 at one end and to the probe 13 at the 
other end. The signal pin and ground pin of the probe 13 is 
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connected by solder to the poWer supply and ground pin of 
a device (IC) of the printed circuit board 14. It is noted that 
the same connection arrangement as is described above may 
be used in the case of performing impedance matching using 
an impedance matching unit. For example, as is shoWn in 
FIG. 2, the coaxial cable 12 may be connected to the signal 
generator 11 at one end and an impedance matching unit 15 
at the other end. The signal pin and ground pin of the 
impedance matching unit 15 may be connected by solder to 
the poWer supply and ground pin of a device (IC) on the 
printed circuit board 14 under examination. 
[0101] FIG. 3 is a diagram illustrating impedance match 
ing betWeen the signal generator 11 side and the printed 
circuit board 14 side. 
[0102] It is noted that the impedance of the signal gen 
erator 11 and the coaxial cable 12 may generally be 50 Q, 
but the impedance of the poWer supply and ground of the 
device (IC) on the printed circuit board 14 may be signi? 
cantly loWer so that the signal from the signal generator 11 
may not be ef?ciently injected to the poWer supply and 
ground of the device (IC) on the printed circuit board 14. 
Accordingly, the impedance matching unit 15 may be intro 
duced betWeen the coaxial cable 12 and the printed circuit 
board 14, the impedance at the coaxial cable side 12 may be 
set to 50 Q, and the impedance at the printed circuit board 
14 side may be matched With the impedance of the coaxial 
cable 12. 
[0103] FIG. 4 is a diagram shoWing an exemplary con 
?guration of the impedance matching unit 15 shoWn in 
FIGS. 2 and 3. 
[0104] The illustrated impedance matching unit of FIG. 4 
includes an SMA connector 21 for connecting the coaxial 
cable 12 to the impedance matching unit 15, a copper 
substrate 22 on Which circuit components are mounted, 
ground connection copper plate members 23 for connecting 
the impedance matching unit 15 to ground of the printed 
circuit board 14, a Wire 24 that connects a matching circuit 
25 to the poWer supply of the printed circuit board 14, and 
the matching circuit 25 for matching the impedance of the 
signal generator 11 and the impedance of the printed circuit 
board 14. 
[0105] In this example, the impedance matching unit 15 
uses the SMA connector 21 to establish connection With the 
coaxial cable 12, the Wire 24 to establish connection With the 
poWer supply of the device (IC) on the printed circuit board 
14, and the tWo copper plate members 23 arranged at the 
sides of the Wire 24 to establish connection With the ground 
terminal of the device (IC) on the printed circuit board 14. 
[0106] FIG. 5 is a circuit diagram of the matching circuit 
25 that is con?gured to perform impedance matching With 
respect to a predetermined frequency. 
[0107] In the present embodiment, the matching circuit 25 
uses measurements by the Smith chart as a netWork analyzer 
to adjust the constant of a circuit composed of inductors and 
capacitors. 
[0108] The matching circuit of FIG. 5 includes capacitors 
C1 and C2, a resistor R1, and inductors L1 and L2. It is 
noted that one end of the capacitor C1 is connected to a 
signal portion of the signal generator 11 side, and the other 
end of the capacitor C1 is connected to one side of the 
capacitor C1, and the capacitor C2 is connected to one end 
of the capacitor C1 and one end of the resistor R1. The other 
end of the resistor R1 is connected to one end of the inductor 
L2 and one end of the inductor L1. 
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[0109] The other ends of the capacitor C2 and the inductor 
L2 are connected to ground. 
[0110] Since the poWer supply impedance of the printed 
circuit board 14 is presumably a very small value, it may be 
dif?cult to construct the impedance matching unit With 
merely a capacitor and an inductor. Thus, the resistor R1 is 
introduced to the matching circuit to enable effective imped 
ance matching betWeen the signal generator 11 side and the 
impedance matching unit 15 side. 
[0111] In the case of performing measurement With 
another frequency using the noise visualiZation apparatus, 
the Smith chart may be used as a netWork analyZer in a 
similar manner With respect to the relevant frequency used 
for the measurement, and the constant of the circuit com 
posed of inductors and capacitors may be adjusted so that the 
impedance of the coaxial cable side may be set to 50 Q. 
[0112] As can be appreciated, according to the present 
embodiment, upon performing measurements on the printed 
circuit board 14 by the noise visualiZation apparatus, a signal 
at a given frequency may be efficiently transmitted to the 
poWer supply and ground of the device (IC) of the printed 
circuit board 14. 

Third Embodiment 

[0113] In the folloWing, a noise injection apparatus 
according to a third embodiment of the present invention 
that uses the dedicated fastener 40 for fastening the printed 
circuit board 14 and the probe 13 for performing measure 
ment on the printed circuit board 14 using the noise visu 
aliZation apparatus is described. The dedicated fastener 40 is 
used in consideration of the fact that measurement results 
may vary depending on the relative positioning of the 
coaxial cable 12 and the printed circuit board 14 at the time 
the measurement is made due to in?uences of emissions 
from the coaxial cable 12. 
[0114] FIG. 6 is a perspective vieW of the dedicated 
fastener 40 for fastening the printed circuit board 14 and the 
probe 13 according to the third embodiment of the present 
invention. 
[0115] The illustrated fastener 40 includes a base plate 41 
on Which support columns (support members) 42 and a 
probe support table 43 are mounted, the support columns 42 
for fastening the printed circuit board 14, and the probe 
support table 43 for fastening the SMA connector of the 
probe 13 to the printed circuit board 14 in a manner such that 
the probe 13 may be positioned perpendicular to the mea 
suring surface of the printed circuit board 14. 
[0116] As is described in relation to the ?rst embodiment, 
in the case of performing measurement on the printed circuit 
board 14 using a noise visualiZation apparatus, a signal 
(noise) at a given frequency is set at the signal generator 11, 
and the poWer supply and ground of the probe 13 is 
solder-connected to the poWer supply and ground of a noise 
source (device) of the printed circuit board. In this case, the 
SMA connector of the probe 13 is fastened to the probe 
support table 43 With screWs so that the probe 13 may be 
perpendicular to the measuring surface of the printed circuit 
board 14. By arranging the probe 13 to be perpendicular to 
the measuring surface of the printed circuit board 14, a 
portion of the coaxial cable 12 connected to the probe 13 
may also be perpendicular to the measuring surface of the 
printed circuit board 14. That is, the coaxial cable 12 may be 
prevented from extending close to the measuring surface of 
the printed circuit board 14 in a parallel manner so that 
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electromagnetic interference from the coaxial cable 12 to the 
printed circuit board 14 may be prevented. 
[0117] Also, by fastening the printed circuit board 14 to 
the four support columns 42, the distance betWeen the 
measuring surface of the printed circuit board 14 and the 
sensor of the noise visualiZation apparatus may be ?xed. In 
this Way, variations in measurements due to tilting of the 
measuring surface of the printed circuit board 14 may be 
prevented. 
[0118] As can be appreciated from the above-descriptions, 
by using the dedicated fastener 40 for fastening the printed 
circuit board 14, variations in measurements due to varia 
tions in the relative positioning of the coaxial cable 12 and 
the printed circuit board 14 at the time of measurement may 
be prevented so that deviations in measurements may be 
reduced. 

Fourth Embodiment 

[0119] In the folloWing, a noise injection apparatus is 
described that uses a miniature oscillator as the signal 
generator and converts the output of the miniature oscillator 
into a sine Wave signal using a BPF (band pass ?lter) in order 
to counter problems arising from emissions from the coaxial 
cable 12 due to standing Waves superposed on the coaxial 
cable 12. 
[0120] FIG. 7 is an external perspective vieW of a Type-A 
miniature oscillator 50. FIG. 8 is a perspective vieW of a 
Type-A oscillating circuit 60 that is arranged inside the 
miniature oscillator 50 shoWn in FIG. 7. FIG. 9 is a circuit 
diagram of the Type-A miniature oscillator 50. 
[0121] The Type-A miniature oscillator 50 of FIG. 7 
includes an external cover 51 made of copper plate for 
preventing emission of electromagnetic Waves generated 
from its interior, and a probe connecting SMA connector 52 
that outputs a signal (noise) at a given frequency that is 
generated by the Type-A oscillating circuit 60 of FIG. 8. 
[0122] It is noted that the external cover 51 for preventing 
emission of internally generated electromagnetic Waves to 
the exterior is not limited to a copper plate cover and may 
be made of any material such as a steel plate that can block 
electromagnetic Waves. 
[0123] As is shoWn in FIG. 8, the Type-A oscillating 
circuit 60 includes an oscillator 61 that outputs a signal 
(noise) at a given frequency, coils 62 for removing spurious 
components included in the oscillator output, a substrate 63 
on Which circuit components are mounted, and batteries 64 
for operating the circuit components. 
[0124] The substrate 63 has copper tape arranged on its 
open space Where components are not mounted in order to 
stabiliZe the ground of the Type-A oscillating circuit 60 and 
stabiliZe operations of the Type-A oscillating circuit 60. 
[0125] As is shoWn in FIG. 9, the Type-A oscillating 
circuit 60 includes a multiple-tuned circuit composed of tWo 
stages of LC tuned circuits as the BPF. In the Type-A 
oscillating circuit 60, a rectangular Wave at a certain fre 
quency is output from the oscillator OSC, and spurious 
components are removed from the output of the oscillator 
OSC by a tuned circuit composed of an inductor L3 and a 
capacitor C3. Then, the resulting output is input through a 
coupling capacitor C4 to another tuned circuit composed of 
an inductor L4 and a capacitor C5 to secure bandWidth/ 
attenuation and output a signal (noise) at the given fre 
quency via the probe connecting SMA connector CN1. 
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[0126] FIG. 10 is a diagram illustrating an exemplary 
arrangement of the Type-A miniature oscillator 50 in the 
case of performing measurement on the printed circuit board 
14 using a noise visualiZation apparatus. 
[0127] In the illustrated example, the printed circuit board 
14 is fastened to the dedicated fastener 40, and the Type-A 
miniature oscillator 50 is placed on a base 82 and is 
positioned under the printed circuit board 14. In another 
example, if the Type-A miniature oscillator 50 is suf?ciently 
small in siZe, the base 82 may be omitted and the Type-A 
miniature oscillator may be directly connected to the printed 
circuit board 14. In FIG. 10, the probe connecting SMA 
connector 52 of the Type-A miniature oscillator 50 and the 
probe 13 are connected, and the signal and ground terminals 
of the probe 13 are solder-connected to the poWer supply and 
ground of the device (IC) on the printed circuit board 14 to 
Which noise is to be injected. By arranging the Type-A 
miniature oscillator 50 in the manner described above upon 
performing measurement on the printed circuit board 14 
With the noise visualiZation apparatus, measurements result 
ing from injecting a signal (noise) to the poWer supply and 
ground of the device (IC) of the printed circuit board 14 may 
not be affected by emissions from the coaxial cable 12. 

Fifth Embodiment 

[0128] In the folloWing a noise injection apparatus is 
described that uses a miniature oscillator as the signal 
generator and loWers the output impedance of the miniature 
oscillator in order to solve the problem related to emissions 
from the coaxial cable due to standing Waves superposed on 
the coaxial cable. 
[0129] The poWer supply impedance of a printed circuit 
board is generally loWer than the output impedance of an 
oscillator, and therefore, measures are normally taken to 
adjust the output impedance of an oscillator to be closer to 
the output impedance of the device (IC) rather than merely 
connecting the oscillation output to the poWer supply and 
ground of the device (IC). In this Way, measurement results 
that closely resemble the actual behavior of the printed 
circuit board may be obtained. 
[0130] FIG. 11 is a diagram illustrating a con?guration of 
a loW-output buffer circuit. 
[0131] The illustrated buffer circuit 101 is arranged 
betWeen an oscillator OSC and a signal output Wire 91. By 
adjusting the output impedance of the buffer circuit 101 to 
a loW value, the output impedance of the oscillator OSC may 
be adjusted to a loWer value. 
[0132] In the folloWing one speci?c example is described 
in Which the buffer circuit 101 uses parallel connections of 
inverters (INV) to obtain loW-output impedance. 
[0133] FIG. 12 is an external perspective vieW of a Type-B 
miniature oscillator 90. FIG. 13 is a perspective vieW of a 
Type-B oscillating circuit 100 that is accommodated inside 
the Type-B miniature oscillator 90. FIG. 14 is a circuit 
diagram of the Type-B oscillating circuit 100. 
[0134] As is shoWn in FIG. 12, the Type-B miniature 
oscillator 90 includes an external cover 51 made of copper 
plate for preventing emission of its internally-generated 
magnetic Waves, and a signal output Wire 91 for outputting 
a signal (noise) at a given frequency that is generated at the 
Type-B oscillating circuit 100. 
[0135] It is noted that the external cover 51 for preventing 
emission of internally generated electromagnetic Waves to 
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the exterior is not limited to a copper plate cover, and may 
be made of any material such as a steel plate that can block 
electromagnetic Waves. 
[0136] As is shoWn in FIG. 13, the Type-B oscillating 
circuit 100 includes an oscillator 61 that outputs a signal 
(noise) at the given frequency, the buffer circuit 101 that 
includes inverters that are connected in parallel, a substrate 
63 on Which circuit components are mounted, and batteries 
64 for operating these circuit components. The substrate 63 
has a copper tape arranged on its open space Where com 
ponents are not mounted in order to stabiliZe the ground of 
the Type-B oscillating circuit 100 and stabiliZe operations of 
the Type-B oscillating circuit 100. 
[0137] Also, in the Type-B oscillating circuit 100, a rect 
angular Wave at the given frequency is output from the 
oscillator OSC and input to an inverter INV for improving 
the drive performance of the buffer circuit 101. The resulting 
output is then input to the buffer circuit 101 including 
inverters INV that are connected in parallel as is shoWn in 
FIG. 14 and supplied to the signal output Wire 91 so that a 
rectangular Wave signal at the given frequency may be 
output. 
[0138] It is noted that the inverter INV for improving the 
drive performance of the buffer circuit 101 is implemented 
in consideration of the fan-out of oscillator OSC. Thus, if the 
oscillator OSC is able to drive the number of inverters that 
are connected in parallel, the above inverter for improving 
drive performance does not necessarily have to be imple 
mented. 
[0139] In the present example, since the inverters INV are 
connected in parallel, the output impedance of the Type-B 
oscillating circuit 100 may be equal to a value obtained by 
dividing the output impedance of one inverter INV by the 
number of inverters INV that are connected in parallel. In 
this Way, the output impedance of the Type-B oscillating 
circuit 100 may be reduced to a loWer impedance value. It 
is noted that the output impedance of the Type-B oscillating 
circuit 100 may be adjusted by adjusting the number of 
inverters INV that are connected in parallel. 
[0140] FIG. 15 is a diagram shoWing an exemplary con 
?guration of the noise injection apparatus using the Type-B 
miniature oscillator 90 according to the present embodi 
ment. 

[0141] In the illustrated example, the printed circuit board 
14 subject to measurement by a noise visualization appara 
tus is fastened to the dedicated fastener 40, and the Type-B 
miniature oscillator 90 is placed on the base 82 and posi 
tioned under the printed circuit board 14. In one embodi 
ment, When the Type-B miniature oscillator 90 is suf?ciently 
small, the base 82 may not have to be used and the Type-B 
miniature oscillator 90 may be directly connected to the 
printed circuit board 14. 
[0142] Further, in the present example, the signal and 
ground terminals of the signal output Wire 91 are solder 
connected to the poWer supply and ground of the device (IC) 
on the printed circuit board 14 that is subject to noise 
injection. By performing measurement on the printed circuit 
board 14 With the noise visualiZation apparatus using such 
an arrangement, emissions from the coaxial cable 12 may be 
prevented from affecting the measurements of the printed 
circuit board 14, and the output impedance of the oscillator 
may be adjusted to a value close to the output impedance of 
the device of the printed circuit board 14 so that measure 
ments that closely resemble the actual behavior of the 
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printed circuit board 14 may be obtained upon injecting 
noise to the poWer supply and ground of the device of the 
printed circuit board 14. 
[0143] Although the present invention is shoWn and 
described With respect to certain preferred embodiments, it 
is obvious that equivalents and modi?cations Will occur to 
others skilled in the art upon reading and understanding the 
speci?cation. The present invention includes all such 
equivalents and modi?cations, and is limited only by the 
scope of the claims. 
[0144] The present application is based on and claims the 
bene?t of the earlier ?ling dates of Japanese Patent Appli 
cation No. 2005-022866 ?led on Jan. 31, 2005, and Japanese 
Patent Application No. 2006-019220 ?led on Jan. 27, 2006, 
the entire contents of Which are hereby incorporated by 
reference. 

What is claimed is: 
1. A noise injection apparatus that injects noise to a 

printed circuit board, the apparatus comprising: 
a signal generator that generates noise; 
a coaxial cable having one end connected to an output of 

the signal generator; and 
a probe that is connected to another end of the coaxial 

cable and is con?gured to convey the noise generated 
by the signal generator to a poWer supply and a ground 
pin of a device element of the printed circuit board via 
the coaxial cable. 

2. The noise injection apparatus as claimed in claim 1, 
Wherein 

the probe is a semi-rigid cable that includes an SMA 
connector. 

3. A noise injection apparatus that injects noise to a 
printed circuit board, the apparatus comprising: 

a signal generator that generates noise; 
a coaxial cable having one end connected to the signal 

generator; and 
an impedance matching unit that is connected to another 

end of the coaxial cable and is con?gured to convey the 
noise generated by the signal generator to a poWer 
supply and a ground pin of a device element of the 
printed circuit board via the coaxial cable. 

4. The noise injection apparatus as claimed in claim 3, 
Wherein 

the impedance matching unit includes an SMA connector 
that is connected to the coaxial cable, a matching circuit 
that matches an impedance of the signal generator to an 
impedance of the printed circuit board, a copper sub 
strate on Which one or more circuit components includ 

ing the matching circuit are mounted, a ground con 
necting copper plate member that is connected to the 
ground pin of the printed circuit board, and a Wire that 
is connected to the poWer supply of the printed circuit 
board. 

5. The noise injection apparatus as claimed in claim 4, 
Wherein 

the matching circuit includes a ?rst capacitor, a second 
capacitor, a resistor, a ?rst inductor, and a second 
inductor; 

the ?rst capacitor has one end connected to a signal output 
of the signal generator and another end connected to 
one end of the second capacitor and one end of the 

resistor; 
the resistor has another end connected to one end of the 

?rst inductor and one end of the second inductor; and 
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the second capacitor and the second inductor each have 
another end connected to ground. 

6. A noise injection apparatus that injects noise to a 
printed circuit board, the apparatus comprising: 

a printed circuit board support member that fastens the 
printed circuit board in place; 

a probe including an SMA connector; and 
a probe support member that fastens the probe such that 

the SMA connector of the probe is positioned perpen 
dicular to a measuring surface of the printed circuit 
board. 

7. A noise injection apparatus that injects noise to a 
printed circuit board, the apparatus comprising: 

an oscillator unit that includes an oscillating circuit that 
uses a band pass ?lter to output a sine Wave signal, the 
oscillating circuit including an oscillator that outputs a 
signal at a given frequency, a coil that removes spurious 
components included in the output of the oscillator, a 
substrate on Which circuit components including the 
oscillator and the coil are mounted, a battery for 
operating the circuit components, and a probe connect 
ing SBA connector. 

8. The noise injection apparatus as claimed in claim 7, 
Wherein 

the band pass ?lter includes a ?rst tuned circuit having a 
?rst inductor and a ?rst capacitor, a second capacitor, 
and a second tuned circuit having a second inductor and 
a third capacitor; 

the oscillator outputs a rectangular Wave signal at the 
given frequency; 

the ?rst tuned circuit removes spurious components 
included in the output of the oscillator and passes a 
resulting output to the second tuned circuit via the 
second capacitor; and 

the second tuned circuit secures bandWidth and attenua 
tion of the resulting output from the ?rst tuned circuit 
and outputs a signal at the given frequency to the 
printed circuit board via the probe connecting SMA 
connector. 

9. A noise injection apparatus that injects noise to a 
printed circuit board, the apparatus comprising: 

a dedicated fastener that fastens the printed circuit board 
in place; 

an oscillator unit that is placed under the printed circuit 
board; and 

a base that places the oscillator unit under the printed 
circuit board. 

10. The noise injection apparatus as claimed in claim 9, 
Wherein 

the oscillator unit is directly attached to the printed circuit 
board Without using the base. 

11. A noise injection apparatus that injects noise to a 
printed circuit board, the apparatus comprising: 

an oscillator unit that includes an oscillator that outputs a 
signal at a given frequency, a buffer circuit having a 
plurality of inverters that are connected in parallel, a 
substrate on Which circuit components including the 
oscillator and the buffer circuit are mounted, a battery 
for operating the circuit components, and a signal 
output Wire that is connected to the printed circuit 
board. 



US 2007/0178760 A1 Aug. 2, 2007 
9 

12. The noise injection apparatus as claimed in claim 11, 13. The noise injection apparatus as claimed in claim 11, 
further comprising: Wherein 

a dedicated fastener for fastening the printed circuit board the signal output Wire is soldered to a poWer supply and 
in place; and ground of a device element of the printed circuit board. 

a base that places the oscillator unit under the printed 
circuit board. * * * * * 


